This article covers the use of analytical technique of solutions for flexural and longitudinal oscillations of the bearing framework of a railcar body frame in the form
Introduction
In conditions of global financial and economic crisis the issues of increasing the reliability of operational railway equipment by upgrading the individual structural assemblies during capital repair with the prolongation of its useful life, are relevant. At that, even welded, according to the norms of depot repair, cracks continue to develop and grow in size, weakening the most dangerous sections.
It is obvious that the general stress state of body frame, spring suspension and running gear of the rolling stock will significantly depend on the initial bending of neutral axis and permanent dynamic forces. These factors cause a 1.2-1.5 times decrease in total life of railcars (rail service car). In modern foreign patent and scientific literature the problems of increasing the reliability and strength of the frames, load-bearing body structure and components for rail vehicles during their design, operation and modernization are extensively studied [1, 2] . We offer an analytical-numerical method based on the dynamic strength of the bearing body frame of emergency and repair rail service car, assuming a beam-type pattern of its fluctuations with elastic fixing of the ends under harmonic load as it moves along the track with periodic joint roughness.
The main objectives of the creation of new designs of mechanical body components, running gear, spring suspension systems of rail service cars, as well as of modernization of existing ones are to expand the functionality, to increase the reliability, strength and durability. The issues of research 
-the area of cross section
the length of the main bearing body frame of emergency and repair rail service car is 12.96 meters and the X coordinate varies in the range 0 ≤ X ≤ 12,96 m:
-the reduced moment of inertia of frame section on the axis Х С -I X (cm 4   ) :
where the coefficients a o , a 1 , a 2 , 2 obtained by approximation with use of splinefunctions [3] method on the basis of real data on the linear mass m K (X), the cross sectional area F (X),
given the inertia I X (X).
-the reduced bending stiffness
where I X ( X ) is calculated by the formula (3). The Figure 1 shows the general overview of the elements of the railcar with details of the impact of forces, dimensions and location of the units mentioned in Eqs.
(
1)-(4).
An assumption is made that the body frame of rail service car is represented in the form of an elastic rod (beam) with constant modulus of material elasticity E = const and the density ρ = const; it has some static initial radius of deflection R. The equations of bending and longitudinal oscillations for this model are taken by analogy with [9, 10] .
To analyze the stress-strain state of equivalent frame of bearing structure of emergency and repair rail service car, the differential equations of bending and longitudinal oscillations of straight rods of variable section are used (considering torsional oscillations relatively small compared to other components) by analogy with [9, 10] .
where I X ( X ) is calculated by the formula (3).
The Figure 1 shows the general overview of the elements of the railcar with details of the impact of forces, dimensions and location of the units mentioned in Eqs.1-4. An assumption is made that the body frame of rail service car is represented in the form of an elastic rod (beam) with constant modulus of material elasticity E = const and the density ρ = const; it has some static initial radius of deflection R. The equations of bending and longitudinal oscillations for this model are taken by analogy with [9, 10] .
To analyze the stress-strain state of equivalent frame of bearing structure of emergency and repair rail service car, the differential equations of bending and longitudinal oscillations of straight rods of variable section are used (considering torsional oscillations relatively small compared to other components) by analogy with [9, 10] . 
After substituting the Eqs. (1)- (4) and their derivatives in the system of differential Eqs. (5)- (6) we obtain the nonlinear equations of the form: (5) where I X ( X ) is calculated by the formula (3).
After substituting the Eqs. (1)- (4) and their derivatives in the system of differential Eqs. (5)- (6) we obtain the nonlinear equations of the form: (6) After substituting the Eqs. (1)- (4) and their derivatives in the system of differential Eqs. (5)- (6) we obtain the nonlinear equations of the form:
; .
-686 - 
Dividing term by tern each of the Eqs. of the system (7)-(8) by m K (X), the entire frame of the body is divided into 120 points (Х coordinate varies in the range of 0 ≤ X ≤ 12,96 m), for each of the given К-section the coefficients in the Eqs. of the system (7)-( 8) are constant and they could be introduced by iteration method (piecewise linear approximation) into computer solution in the procedure similar to the ones in [9] [10] .
After the introduction of notations, we obtain the Eqs. of the form: 
where the following notation are introduced:
-for longitudinal oscillations of the body frame of rail service car -Eq. (9)
Here the horizontal external dynamic load is taken in the form:
Dividing term by tern each of the Eqs. of the system (7)- (8) by m K (X), the entire frame of the body is divided into 120 points (Х coordinate varies in the range of 0 ≤ X ≤ 12,96 m), for each of the given К-section the coefficients in the Eqs. of the system (7)- ( 8) are constant and they could be introduced by iteration method (piecewise linear approximation) into computer solution in the procedure similar to the ones in [9] [10] .
-for longitudinal oscillations of the body frame of rail service car -Eq. (9) ( )
Dividing term by tern each of the Eqs. of the system (7)- (8) by m K (X), the entire frame of the body is divided into 120 points (Х coordinate varies in the range of 0 ≤ X ≤ 12,96 m), for each of the given К-section the coefficients in the Eqs. of the system (7)- (8) are constant and they could be introduced by iteration method (piecewise linear approximation) into computer solution in the procedure similar to the ones in [9] [10] .
After the introduction of notations, we obtain the Eqs. of the form:
. (8) Dividing term by tern each of the Eqs. of the system (7)- (8) by m K (X), the entire frame of the body is divided into 120 points (Х coordinate varies in the range of 0 ≤ X ≤ 12,96 m), for each of the given К-section the coefficients in the Eqs. of the system (7)- ( 8) are constant and they could be introduced by iteration method (piecewise linear approximation) into computer solution in the procedure similar to the ones in [9] [10] .
. (8) iding term by tern each of the Eqs. of the system (7)- (8) by m K (X), the entire frame of the body is divided 0 points (Х coordinate varies in the range of 0 ≤ X ≤ 12,96 m), for each of the given К-section the ients in the Eqs. of the system (7)- ( 8) are constant and they could be introduced by iteration method ise linear approximation) into computer solution in the procedure similar to the ones in [9] [10] .
er the introduction of notations, we obtain the Eqs. of the form: 
the following notation are introduced:
where the following notation are introduced: An assumption is made that the body frame of rail service car is represented in the form of an elastic rod (beam) with constant modulus of material elasticity E = const and the density ρ = const; it has some static initial radius of deflection R. The equations of bending and longitudinal oscillations for this model are taken by analogy with [9, 10] .
After substituting the Eqs. (1)- (4) and their derivatives in the system of differential Eqs. (5)- (6) 
where n = 1,2,3…5 -is a number of harmonics, N Dn -is taken according to experimental data obtained, depending on different modes of loading: 
where n = 1,2,3…5 -is a number of harmonics, N Dn -is taken according to experimental data obtained, dependin on different modes of loading: 
where n = 1,2,3…5 -is a number of harmonics, N Dn -is taken according to experimental data obtained, depending on different modes of loading:
; -for bending (transverse) oscillations of the body frame of rail service car -Eq. (10) ( )
-for bending (transverse) oscillations of the body frame of rail service car -Eq. (10)
Here the vertical external dynamic load is taken in the form:
where n = 1,2,3…5 -is a number of harmonics, P Dn --is taken according to experimental data obtained, depending on different modes of loading.
The solution of the system (7)- (8) is performed with the linearization by Simpson's method, then Fourier method is applied to the differential equations with constant coefficients with further application of operational Laplace transform in time; numerical studies are carried out by the methods of piecewise linear approximation and boundary elements method, similar to the procedures given in [9] [10] in Mathcad 14 programming environment. Initial conditions are taken as zero ones, and the boundary conditions -in the form of elastic fixing of the ends.
Thus, it is possible to find a general solution of differential Eqs. of bending and longitudinal oscillations of the body frame of emergency and repair rail service car (9) and (10) in the form: 
.
,
where n = 1,2,3…5 -is a number of harmonics, P Dn -is taken according to experimental data obtained, depending on different modes of loading.
( )
The solution of the system (7)- (8) Thus, it is possible to find a general solution of differential Eqs. of bending and longitudinal oscillations of the body frame of emergency and repair rail service car (9) and (10) in the form:
Thus, it is possible to find a general solution of differential Eqs. of bending and longitudinal oscillations of the body frame of emergency and repair rail service car (9) and (10) 
where ( 
Thus, as a result of using the method of iterations and piecewise linear approximation we have managed to obtain an analytical and numerical solution for the analysis of joint bending and longitudinal oscillations of the bearing body frame of emergency and repair rail service car in the form of a model of an elastic rod of variable cross section, mass, bending and longitudinal stiffness as it moves along the track with periodic joint roughness.
In order to better understand and make thorough analysis and conclusions, simulation of the mathematical model was carried out using testing railcars with simulation workplace. The idea behind the experiment was to install in the frame control unit so called damping subfloor element. The results of the simulation experiment are summarized in Table 1 .
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where body frame of emergency and repair rail service car (9) and (10) 
